We examined whether the ambient illuminance during extended wakefulness modulates the 30 homeostatic increase in human deep sleep [i.e. slow wave sleep (SWS) and 31 electroencephalographic (EEG) slow-wave activity (SWA)] in healthy young and older 32 volunteers. 33 Thirty-eight young and older participants underwent 40 hours of extended wakefulness [i.e. 34 sleep deprivation (SD)] once under dim light (DL: 8 lux, 2800K), and once under either white 35 light (WL: 250 lux, 2800K) or blue-enriched white light (BL: 250 lux, 9000K) exposure. Subjective 36 sleepiness was assessed hourly and polysomnography was quantified during the baseline night 37
sleepiness was assessed hourly and polysomnography was quantified during the baseline night 37 prior to the 40-h SD and during the subsequent recovery night. 38 Both the young and older participants responded with a higher homeostatic sleep response to 39 40-h SD after WL and BL than after DL. This was indexed by a significantly faster intra-night 40 accumulation of SWS and a significantly higher response in relative EEG SWA during the 41 recovery night after WL and BL than after DL for both age groups. No significant differences 42 were observed between the WL and BL condition for these two particular SWS and SWA 43 measures. Subjective sleepiness ratings during the 40-h SD were significantly reduced under 44 both WL and BL compared to DL, but were not significantly associated with markers of sleep 45 homeostasis in both age groups. 46 Our data indicate that not only the duration of prior wakefulness, but also the experienced 47 illuminance during wakefulness affects homeostatic sleep regulation in humans. Thus, working 48 extended hours under low illuminance may negatively impact subsequent sleep intensity in 49 humans.
Introduction 52 It is firmly established that human sleep regulation is under the control of the circadian timing 53 system and an hourglass process keeping track of prior sleep-wake history as conceptualized in 54 the two-process model of sleep regulation (for a review see [1] ). In fact, the amount of time 55 spent awake prior to sleep onset is the most important determinant of sleep intensity in 56 mammals [2] . Sleep homeostasis can be accurately tracked, quantified and modelled by 57 electroencephalographic (EEG) slow-wave activity (SWA) during non-rapid eye movement 58 (NREM) sleep [3] , which is considered an important marker for optimal brain functioning [4] . 59 Later studies refined the homeostatic sleep-wake process with respect to its brain topography, 60 with frontal brain areas more susceptible in their response to prior wake duration [5, 6] and also 61 with respect to experience-dependent aspects during wakefulness. -3.2 ± 0.6 -2.5 ± 0.8 -3.0 ± 0.8 -2.2 ± 0.8 -4.5 ± 1.4 -3.9 ± 1.9 n.s. n.s. n.s. Stage 2 (%) -4.5 ± 0.9 -5.2 ± 1.4 -5.5 ± 1.1 -6.5 ± 2.3 -6.2 ± 2.6 -7.6 ± 2.2 n.s. n.s. n.s.
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0.6 ± 0.7 1.9 ± 1.0 0.2 ± 0.7 5.0 ± 1.4 6.1 ± 1.1 4.8 ± 1.3 n.s. * n.s. Stage 4 (%)
6.9 ± 0.7 6.7 ± 0.8 8.8 ± 0.7 2.7 ± 0.9 2.8 ± 0.8 4.0 ± 2.0 * * n.s.
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7.5 ± 1.0 8.6 ± 1.3 8.9 ± 0.8 7.7 ± 1.7 8.9 ± 1.3 8.9 ± 1.7 n.s. n.s. n.s.
NREMS (%)
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0.2 ± 0.7 -1.0 ± 1.2 -0.5 ± 0.8 1.0 ± 1.3 1.7 ± 1.9 2.7 ± 1.3 n.s. * n.s. S1 Latency (min) -3.9 ± 4.5 0.1 ± 2.6 3.4 ± 2.2 8.3 ± 2.2 0.3 ± 5.8 5.4 ± 3.5 n.s. n.s. * S2 Latency (min) -0.4 ± 2.6 -0.7 ± 2.8 3.0 ± 2.3 10.0 ± 2.3 3.7 ± 3.9 4.8 ± 3.2 n.s. 0.07 * REMS Latency (min) -39.7 ± 8.6 -30.1 ± 16.1 -28.7 ± 9.9 -14.8 ± 6.8 -9.8 ± 16.3 -13.0 ± 6.6 n.s. 0.08 n.s. 'age' and 'light condition', yielded significance for the factor 'light condition' starting 3.5 hours 133 after lights off for the young, and after 75 minutes after lights off in the older (arrows in Figure   134 1, right-hand panels). The factors 'age' and the interaction 'age x light condition' did not reach young volunteers in the absence of a mydriatric [27, 28] . Thus, at our calculated 32.6 μW/cm 2 233 melanopsin weighted irradiance for the BL condition, we were probably already approaching 234 the saturation part of the dose-response curve (Figure 2 , right-hand panels). In other words, at 235 light intensities of 250 photopic lux, a difference between 2500 and 9000 Kelvin does not elicit 236 a differential response in melatonin suppression (see [20] ) and EEG SWA homeostasis. In fact, . Along these lines, we speculate that the experienced ambient light 244 intensity modulates "synaptic load" during wakefulness, being higher in a brighter than dim environment, and eventually leading to more EEG SWA in the subsequent night. This is in line 246 with data in mice which demonstrated that sustained neuronal activation induced by active 247 exploration in awake animals leads to an increase in SWA during subsequent sleep [29] . If this 248 was true, also a more local response in EEG SWA should be expected, as demonstrated in 249 several studies on use-dependent aspects of sleep regulation [7, 8, 30, 31] . However, in contrast 250 to these studies, in our study light exposure was not aimed at providing unilateral sensory 251 stimulation and therefore did not lead to a local EEG response-at least in our 12-channel EEG 252 recordings-, but rather led to a global EEG SWA response in all electrodes. This would favor the 253 idea of a general increase in synaptic upscaling or more EEG activation, which may have been 254 preceded by a general increase in alertness during the 40-SD. 255 Since specific brain regions responsible for homeostatic sleep regulation per se have to our 256 knowledge not yet been assured, it is difficult to explain how light modifies sleep homeostasis Out of the 12 older participants, 9 (7 m and 2 f) participated in all three lighting conditions (i.e. were averaged across 20-s epochs for each EEG derivation. All PSG recordings were manually 373 inspected for artifacts EEG channel losses etc., resulting in a total n= 24 for DL, n=18 for WL, 374 n=19 for BL in the young, and a n= 12 for DL, n=11 for WL, and n=8 BL for the older participants. 
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